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Abstract
Coast parallel submerged breakwaters made of Geotextile Sand Containers (GSCs) are increasingly being incorporated into
coastal management solutions because of their cost effective and environmentally friendly characteristics. These reduce the
wave action on the lee side by forcing wave breaking and their stability is a function of the relative crest width, crest height, and
the damage. The present work involves a physical model study on 1V:2H sloped trapezoidal submerged reefs constructed with
485 gm GSCs with different alignments like Perpendicular, Parallel, and Flemish. They have a height (h) of 0.25 m and varying
crest widths (B) and are tested for stability for wave heights (H) of 0.1 m and 0.12 m and wave periods (T) of 1.5 s to 2.5 s in a
water depth (d) of 0.3 m.
© 2014 The Authors. Published by Elsevier B.V.
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1. Introduction
Geotextiles have been in an innovative way in the construction of breakwaters. Geotextile technology is currently
being researched widely for use in coastal applications (Oh and Shin 2006). In the case of Geotextile Sand
Container (GSC) structures, quarrying and transporting of rock are not required and this structure can be easily
removed in the case of adverse unforeseen impacts. With the expected worsening of coastal erosion, a soft, and
inexpensive solution will be a strong contender to replace a more conventional hard engineering solution as coastal
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communities which are highly developed will be severely affected. Such applications have made engineering
construction eco-friendly, highly durable and economical while allowing the speedier construction. The ability to
use local material and labour, makes construction easier and faster and possible in isolated areas. The use of GSC
structures allows for a more flexible and adaptive approach that can be more easily modified if the desired outcome
is not satisfactory or if the design conditions change. GSC structures can even be easily removed in the event that
the GSC structure does not perform.
Extensive testing has been done on the hydraulic stability of single geotextile tubes (Pilarczyk, 2000; Recio and
Oumeraci, 2009; and Dassanayake and Oumeraci, 2013), and these have been used in coastal protection works
(Kudale, 2013 and 2015; Sundar, 2013; and Sundar and Sannasiraj, 2013). But the question about how a multi-
layered structure performs is still open. However, current understanding of hydraulic stability of stacked GSC
structures is limited and with better understanding, the potential for its future application is vast (Ramesh, 2014).
The design of such a GSC structure for submerged reef breakwater could be both an innovative and low-cost
solution for various coastal projects is the real motivator for the present study.
2. Objective
The objective of the present experimental investigation is to examine the stability of submerged reef constructed
with GSC arranged in different alignments like Parallel, Perpendicular and Flemish.
3. Experimental details
3.1. Wave Flume
The wave flume of Marine Structures Laboratory of the Department of Applied Mechanics and Hydraulics,
National Institute of Technology Karnataka, Surathkal which generates monochromatic waves is used to test the
physical models of the GSC reefs. Fig. 1 gives a schematic diagram of the experimental setup.
Fig. 1. Schematic diagram of experimental set up with GSC reef model
The wave flume is 50 m long, 0.71 m wide and 1.1 m deep. About 15 m length of the flume is provided with
glass panels on one side to facilitate the placing and photography of test models. It has a 41.5 m long smooth
concrete bed. Gradual transition is provided between normal bed level of the channel and that of wave generating
chamber by a ramp. The flume has a 6.3 m long, 1.5 m wide and 1.4 m deep chamber with a the bottom hinged
flap at one end which generates waves. The wave filter consists of a series of vertical asbestos cement sheets
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spaced at about 0.1 m centre to centre and parallel to length of the flume.  A fly-wheel and bar-chain link the motor
with the flap. By changing the eccentricity of bar chain on the fly-wheel, the wave height can be varied for a
particular wave period. The changing of frequency through inverter, waves of desired wave period can be
generated. The flap is controlled by an induction motor of 11 Kw power at 1450 rpm. This motor is regulated by an
inventor drive (0 – 50 Hz), rotating in a speed range of 0–155 rpm. Monochromatic waves of 0.08 m to 0.24 m
heights and periods of 0.8 s to 4.0 s in a maximum water depth of 0.5 m can be generated in this flume.
3.2. Instrumentation
The capacitance type wave probes along with amplification units are used for data acquisition. Three such
probes are used during the experimental work for acquiring incident wave heights (H) as shown in Fig. 1. The
spacing between probes is adjusted approximately to one third of the wave length to ensure accuracy (Isaacson
1991). During experimentation, signals from wave probes are verified online and recorded by the computer
through the data acquisition system. These are then processed to extract the incident waves using software.
3.3. Test models
The GSCs were made with a non-woven polypropylene polymer material. The sand used as fill material in the
GSCs is beach sand from NITK beach at Surathkal with a median grain size of 0.45mm. Each GSC unit was 0.16
m long, 0.08 m wide and 0.035 m high and weighed about 485 gm when completely filled with sand.
A 1:30 scale models of the submerged reef were constructed manually with GSCs at a distance of 3 m from the
spending beach on the flume bed. See Fig. 1. The GSCs were arranged in trapezoidal manner, layer wise with a
slope of 1V to 2H to a height (h) 0.25 m and varying crest widths (B). In the models, GSCs were aligned in four
different alignments with respect to direction of wave propagation namely Parallel (single layer), Parallel with two
layers, Flemish, and Perpendicular as shown in Fig. 2. These models were tested for stability in a water depth (d)
of 0.3 m with varying waves of heights (H) of 0.1 m and 0.12 m, and wave periods (T) of 1.5 s to 2.5 s.
Fig. 2. GSC alignments (a) parallel (single layer); (b) parallel double layer; (c) Flemish; (d) Perpendicular.
570   Kiran Gangadhar Shirlal and Ramesh Reddy Mallidi /  Procedia Engineering  116 ( 2015 )  567 – 574 
3.4. Test procedure
The wave flume is filled with ordinary tap water to the required depth (d) of 0.3m and the reef models were
tested for waves of height (H) of 0.10 m and 0.12 m and periods (T) of 1.5 s, 2.0 s and 2.5 s.  Before starting the
experiment, the flume was calibrated to produce the incident waves of different combinations of wave height and
wave periods. Combinations that produced the secondary waves in the flume were not considered for the
experiments. The wave probes were calibrated at the beginning and at the end of the test runs. The wave data
acquired by the probes were recorded by a computer and analysed using software. Occasionally, the wave heights
were measured manually to crosscheck the instrumental data.
3.5. Damage classification
Movement and displacement of GSCs in the crest layer is considered as critical for classification I, while all the
disturbed GSC layers are critical for classification II (Dassanayake and Oumeraci, 2013), and all layers of the reef
are assumed as critical layers for classification III for estimating the damage of the submerged reef. The details of
the damage classification are shown in Table 1 and Table 2 (Dassanayake and Oumeraci, 2013). The damage is
calculated as displacement, movement, and detachment of GSCs in the critical layer. Percentage damage of the
reef is calculated as percentage of GSCs displaced with respect to total GSCs in the critical layers.
Table 1.  Damage classification for individual GSCs.
Damage classification I (single GSC): Considering only a single GSC in the most vulnerable position ( critical GSCs)
Stable Horizontal displacement < 10% of GSC length/width / Upward rotation < 10o
Movement 10% of GSC length, width < Horizontal displacement < 50% of GSC length/width.
10o<Upward rotation < 45o
Detachment Horizontal displacement> 50% of GSC length/width. Upward rotation > 45o
Table 2. Damage classification for the entire GSC structure.
Damage classification II (GSC – structure): Considering all critical GSC layers of a GSC- structure
No Damage
[DC 0]
Incipient Motion
[DC 1]
Minor Damage
[DC 2]
Medium Damage
[DC 3]
Total failure
[DC 4]
< 10% of critical
GSCs moved, no
critical GSCs
detached
10% - 50% of critical
GSCs moved, < 5%
critical GSCs detached
> 50% of critical
GSCs moved, 5% -
20% of critical GSCs
detached
10% - 40%  of critical
GSCs detached
> 40% of  critical
GSCs detached
4. Results
In this section, the influence of wave steepness parameter and storm duration (as number of waves) on damage of
the reef is analyzed for a constant relative reef height (h/d) of 0.83 for damage classifications I, II, and III.
4.1 Damage classification – I
In this classification, all the GSCs present in the crest layer of different reef models are considered to be critical.
Percentage damage is computed as number of GSCs detached against those in the critical layer and plotted against
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deep water wave steepness parameter (H0/gT2) for storm durations of 100, 500, 1000, and 1500 waves as shown in
Fig. 3 for a constant relative reef height (h/d) of 0.83 (where H0 is the deep water wave height). The GSCs with
parallel double layer alignment suffered no damage throughout the test regardless of wave steepness parameter
(a) After 100 waves (b)   After 500 waves
(c)   After 1000 waves (d)   After 1500 waves
Fig. 3. Plot of percentage damage against Ho/gT 2 for various GSC alignments and storm durations for damage classification-I
and storm duration. The maximum detachment of GSCs for the parallel alignment (single layer) was 55% to 100 %
for H0/gT2 up to 0.0019, while the reef was stable and the damage was least i.e. about 0 to 5 %, for the steepest
waves (i.e. H0/gT2 of 0.0043). The other GSC alignments suffered increased detachment with the storm duration
with maximum being about 90 % to 100 %. The damage was almost constant after 1500 waves and the reef profile
stabilized. However, it was observed that damage of a submerged GSC reef exhibited inconsistent behaviour with
H0/gT2.
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4.2 Damage classification – II
In this classification, all the detached GSC layers of the reef were considered to be critical and displaced units
were considered for damage calculation at different storm durations. Percentage of damage is computed and
plotted against wave steepness parameter (Ho/gT2) for different storm durations of 100, 500, 1000, and 1500
waves as shown in Fig. 4 for a constant relative reef height (h/d = 0.83). Detachment of GSCs for the parallel
alignment (single layer) was 55 % to 100 % and the reef suffered total failure i.e. DC 4 for H0/gT2 up to 0.0019,
while the detachment were not significant and the damages were DC 0 to DC 1 for the H0/gT2 of 0.0043. For other
alignments the reef suffered medium damage i.e. DC 3 with detachment of GSCs around 35 %. The GSCs with
parallel double layer alignment were totally safe and stable throughout the test regardless of wave steepness
(a) After 100 waves (b)   After 500 waves
(c)   After 1000 waves (d)   After 1500 waves
Fig. 4.  Plot of percentage damage against Ho/gT 2 for various GSC alignments and storm durations for damage classification-II
parameter and storm duration while other alignments suffered increased damage with the storm duration. The
damage was almost constant after 1000 waves and the reef profile stabilized.
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4.3 Damage classification – III
Here, considering all layers of the reef as critical layers, the damage to the structure is calculated. The percentage
damage are plotted against wave steepness parameter (Ho/gT2) for different storm durations of 100, 500, 1000, and
1500  waves as shown in Fig. 5 for a constant relative reef height (h/d = 0.83). From Fig. 5, it is clear that the reef
damages remained less than 9 %. The damage though small, gradually increased with storm duration and it
remained almost constant beyond 1000 waves except for Flemish alignment.  Parallel alignment with two layers of
GSC showed no damage and was stable for all the test conditions.
(a) After 100 waves (b)   After 500 waves
(c)   After 1000 waves                                                                                        (d)   After 1500 waves
Fig. 5.  Plot of percentage damage against Ho/gT 2 for various GSC alignments and storm durations for damage classification-III
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5. Conclusions
Damage of a submerged GSC reef exhibits inconsistent behavior with Ho/gT2, but increases with increase in
storm duration. A reef model should be tested for minimum storm duration of 1000 to 1500 waves to define its
damage status completely. Parallel alignment with two layers of GSCs in the crest is the only alignment that is
stable and the reef damage is zero i.e. DC 0 for the complete range of test conditions and all the damage
classifications. The reef damages for other GSC alignments for classifications I, and II vary between 0 to 100 %
while, it is 0 to 9 % for classification III.
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